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ONR Scientific Officer: Dr. Ronald A. DeMarco

Summary of Project:

The goal of this project was to learn about the electronic and vibrational
spectroscopy of size-selected clusters. This is done using high resolution negative ion
photodetachment techniques developed in our laboratory during the last four years. In our
experiments, a beam of cluster anions (typically Cp~ or Sip°) is generated using a laser
vaporization source, mass-selected, and photodetached with a fixed-frequency or tunable
laser. In the fixed-frequency experiments, we measure the electron kinetic energy
distribution, thereby obtaining the anion photoelectron spectrum. This enables us to map
out the electronic and vibrational states of the neutral cluster with about 10 meV resolution.
For higher (0.4 meV) resolution studies, we use a technique called threshold
photodetachment spectroscopy. Here, ** = cluster anions are detached with a tunable laser,
and only those photoelectrons produced with nearly zero kinetic energy are collected. In
principle, this yields the same information as the photoelectron spectrum, but the
considerably higher resolution allows us to make much more definite assignments of the
spectral features.

We have made considerable progress in applying our combination of
photodetachment techniques to silicon and carbon cluster anions. We have obtained
vibrationally-resolved photoelectron spectra for Sin"(n=2-4)and Cp~(n=2 - 11).
These spectra represent the first observations of vibrationally resolved spectra for several of
the polyatomic clusters. A comparison of the Sis~ spectrum with ab initio calculations
indicates that the ground states of Sis and Si4~ have a planar rhombus structure. The Cp~
spectra are dominated by transi‘ions between linear forms of the anion and neutral clusters

for n <9, but the Co™ and C;~ spectra are dominated by transitions between cyclic




clusters. We have also obtained threshold photodetachment spectra of Si;~ and Cs™. The
Siy” spectrum allows us to definitively order the several low-lying electronic states of Siz
and Siy". The Cs™ spectrum yields frequencies for low-frequency vibrational modes in the

anion and neutral as well as the spin-orbit splitting in the anion.
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